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CLAIMS 

1. A multi-stage optical amplifier, comprising: 
an optical fiber including a first length of amplifier fihfi and a 

second length of amplifier fiber, the optical fiber configurate be coupled 
to a signal source that produces at least a signal waveleiigth and a pump 
source that produces a pump wavelength Xp, wher^i pump wavelength \ 
is less than signal wavelength X^; 

a signal input port coupled to the opy£al fiber; 

a signal output port coupled to the^ptical fiber; 

a pump input port coupled to optical fiber; 

a first lossy member coupled^o die optical fiber and positioned 
between the first and second lengtos of amplifier fiber, the first lossy 
member being lossy in at iS&s^ne direction; and 

a pump shunt epupl^ Bo the signal input port and the signal output 

port. 

2. The mufti-l^ge optidal amplifier of claim 1, wherein the 
first and lengths of^mplifmr fiber each have a length greater than or equal 
to 200m. 

3. XThe multi-stage optical amplifier of claim 1, wherein pump 
radiation or wavelength is in the range of 1300 nm to 1530 nm 

The multi-stage optical amplifier of claim 1, wherein signal 
on of wavelength X^ is in the range of 1430 to 1530 nm. 

5. The multi-stage optical amplifier of claim 1, wherein the 
lossy member is an optical isolator. 

6. The multi-stage optical amplifier of. claim 1, wherein the 
first lossy member is an add/drop multiplexer. 

7. The multi-stage optical amplifier of claim 1, wherein the 
first lossy member is a gain equalization member. 
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8. The multi-stage optical amplifier of claim 1, wherein the 
first lossy member is a dispersion compensation element. 

9. The multi-stage optical amplifier of qlaim 1, wherein the 
first length of amplifier fiber is a Raman amplifier^ 

10. The multi-stage optical amplifier of claim 1, wherein the 
second length of amplifier fiber is a Raman amplifier. 

11. The multi-stage optical amplifier /of claim 1, wherein at 
least one of the first and second Raman fiber amplifiers is a dispersion 
compensating fiber. / 

12. The multi-stage optical amplifier of claim 11, wherein the 
first and Raman fiber amplifiers are each dispersi^ compepsafing fibers. 

13. The multi-stage optical amplifieyof clmm 1, wherein the 
first length of amplifier fiber has lower no^^/man tjle second length of 
amplifier fiber. 

14. The multi-stage optical amplifier of claim 1, wherein the 
second length of amplifier fiber has a liigher gain than the first length of 
amplifier fiber. / 

15. The multi-stage optica:! amplifier of claim 1, further 
comprising: J 

at least one WDM coupleryto couple a pump path from the signal 
input port to the signal output port. 

16. The multi-stage optical amplifier of claim 1, wherein the 
first length of amplifier fiber h^s an optical noise figure of less than 8 dB. 

17. The multi-stage optical amplifier of claim 1, wherein the 
second length of amplifier fiber has a gain level of at least 5 dB. 
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1 18. The multi-stage optical amplifier of c/aim 1, further 

2 comprising: 

3 a pump source coupled to the pump input pjbrt. 

4 19. The multi-stage optical amplifier o/ claim 1, further 

5 comprising: 

6 at least one laser diode pump source coupled to the pump input 

7 port. 

1 20. The multi-stage optical amplified of claim 1, further 

2 comprising: / 

3 a second lossy member coupled to the pump shunt. 

4 21 . The multi-stage optical amplifier pfc\aim 1 ,^ wherein the 
^ 5 pump shunt includes an optical fiber. / > 

1 22. A broadband booster ampli^r, comf)rising: 

2 a plurality of transmitters transmkting a plurality of wavelengths; 



111 



3 a combiner coupled to the plurality oftransmitters; 

JS 4 an optical fiber coupled to the combiner, the optical fiber including 

5 a first length of amplifier fiber and a second length of amplifier fiber, the 

^- / 

6 optical fiber configured to be coujjled to a signal source and a pump 

7 source; 

8 a signal input port coupled to the optical fiber; 

9 a signal output port coupled to the optical fiber; 

10 a pump input port coupled to the optical fiber; 

1 1 a first lossy memberycoupled to the optical fiber and positioned 

12 between the first and second lengths of amplifier fiber, the first lossy 

13 member being lossy in at/east one direction; and 

14 a pump shunt occupied to the signal input port and the signal output 

15 port. 
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1 23. A broadband pre-amplifier, comprising: 

2 an optical fiber including a first length of amplifiei?^ fiber and a 

3 second length of amplifier fiber, the optical fiber configjired to be coupled 

4 to a signal source and a pump source; 

5 a signal input port coupled to the optical fiberi 

6 a signal output port coupled to the optical fiper; 

7 a pump input port coupled to the optical fit 

8 a first lossy member coupled to the optic^ fiber and positioned 

9 between the first and second lengths of amplifier fiber, the first lossy 

10 member being lossy in at least one direction/ 

11 a pimip shunt coupled to the signal mput p^ and the signal output 

12 port; 

13 a splitter coupled to the signal output 

14 a plurality of receivers coupled 
1 24. A broadband communii 



ij\ 2 a transmitter; 




1^' 3 an optical fiber including a' first length of amplifier fiber and a 

4 second length of amplifier fiber, /the optical fiber configured to be coupled 

5 to a signal source and a pump source; 

6 a signal input port coupled to the optical fiber; 

7 a signal output port coupled to the optical fiber; 

8 a pump input port coupled to the optical fiber; 

9 a first lossy member coupled to the optical fiber and positioned 

10 between the first and second lengths of amplifier fiber, the first lossy 

11 member being lossy in' at least one direction; 

12 a pump shunt ^coupled to the signal input port and the signal output 

13 port; and 

14 a receiver coupled to the optical fiber. 
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15 25. The system of claim 24, wherein the first and lengths of 

16 ainplifier fiber each have a length greater than or eqim to 2C)0m. 

1 26, The system of claim 24, further comprising: 

2 a pump source producing radiation of wavelMgth A.p in the range of 

3 1300 ran to 1530 nm 

1 27. The system of claim 24, further confiprising: 

2 a signal source producing radiation of wavelength in the range of 

3 1430 to 1530 nm. 
1=5= 1 28. The system of claim 24, wherein the first lossy member is 
5 2 an optical isolator. / 

1 29. The system of claim 24, wh»ein the first lossy member is 
•P 2 an add/drop multiplexer. / 

iij 1 30. The system of claim 24, vjhcrcm tlje/first lossy member is a 

2 gain equalization member. 

3 31. The system of claim 24/ >j%6rein ^e first lossy member is a 

4 dispersion compensation element. 
|I 1 32. The system of claim 24, wherein the first length of 

2 amplifier fiber is a Raman amplifier. 

1 33. The system of claim 24, wherein the second length of 

2 amplifier fiber is a Raman ampli4er. 

1 34. The system of claim 24, wherein at least one of the first and 

2 second Raman fiber amplifiep is a dispersion compensating fiber. 

1 35. The system of claim 34, wherein the first and Raman fiber 

2 amplifiers are each dispersion compensating fibers. 

1 36. The systemof claim 24, wherein the first length of 

2 amplifier fiber has lower noise than the second length of amplifier fiber. 

1 37. The system of claim 24, wherein the second length of 

2 amplifier fiber has a Wgher gain than the first length of amplifier fiber. 
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1 38. The system of claim 24, further comprising: 

2 at least one WDM coupler to couple a pump/path from the signal 

3 input port to the signal ou^ut port. 

1 39. The system of claim 24, wherein thfe first length of 

2 amplifier fiber has an optical noise figure of less /than 8 dB. 

1 40. The system of claim 24, wherein/the second length of 

2 amplifier fiber has a gain level of at least 5 ( 
1 41. The system of claim 24, fiirthef comprising: 

1^ 2 a laser diode pump source coupled to/the pump input port. 

!^ 1 42. The system of claim 24, further comprising: 

13 2 a second lossy member coupled to the pimip shunt. 

1 43. The system of claim 24, wherein/the pupip shunt includes 

1=1 2 an optical fiber. I A ^l^^^'^ S 




J' 1 44. A broadband communication system/comprising: 

1=^ 2 a transmitter; 

m 3 an optical fiber coupled to theytransmitter, the optical fiber 

4 including a first length of amplifier fiber and a second length of amplifier 

5 fiber, the optical fiber configured to^'^be coupled to a signal source and a 

6 pump source; / 

7 a signal input port coupled to the optical fiber; 

8 a signal output port coupled to the optical fiber; 

9 a pump input port coupled to the optical fiber; 

10 a first lossy member coupled to the optical fiber and positioned 

11 between the first and second/lengths of amplifier fiber, the first lossy 

12 member being lossy in at least one direction; 

13 a pump shunt coupled to the signal input port and the signal output 

14 port; i 

15 at least one in-line broadband amplifier coupled to the optical fiber; 



/ 
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and 

a receiver coupled to the in-line broadt^and amplifier. 

45. The system of claim 44, wherein the in-line broadband 
amplifier comprises: 

an optical fiber including a first lencfth of amplifier fiber and a 
second length of amplifier fiber, the optical fiber configured to be coupled 
to a signal source and a pump source; / 

a signal input port coupled to the/optical fiber; 

a signal output port coupled to the optical fiber; 

a pump input port coupled to the optical fiber; 

a first lossy member coupled to the x)ptical fiber and positioned 
between the first and second lengths jof ^^li^CTjjbefT^^ first lossy 
member being lossy in at least one direction; and 

a pump shunt coupled to the signal i^ut port and the signal output 
port. / j/^^ 

46. A broadband communication system, comprising: 
a transmitter; j 

a broadband booster amplifier; 

an optical fiber coupled' to the broadband booster amplifier, the 
optical fiber including a first length of amplifier fiber and a second length 
of amplifier fiber, the optical' fiber configured to be coupled to a signal 
source and a pump source; j 

a signal input port ^oupled to the optical fiber; 
a signal output port coupled to the optical fiber; 
a pump input portj'coupled to the optical fiber; 



a first lossy member coupled to the optical fiber and positioned 
/ 

between the first and second lengths of amplifier fiber, the first lossy 
member being lossy in at least one direction; 
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a pump shunt coupled to the signal input j^rt and the signal output 

port; 
and 

a receiver coupled to the optical fiber. 

47. The system of claim 46, where^ the broadband booster 
amplifier comprises: 

a plurality of transmitters transmitting a plurality of wavelengths; 

a combiner coupled to the plurality of transmitters; 

an optical fiber coupled to the conioiner, the optical fiber including 
a first length of amplifier fiber and a second length of amplifier fiber, the 
optical fiber configured to be coupled tq a signal source and a pump 
source; 

a signal input port coupled to the optical fiber; 

a signal output port coupled to th^pticjdTiber; 

a pump input port coupled toj tii&^op^al fiber; 

a first lossy member coupled to the optical fiber and positioned 
between the first and second lengthfsW aWlifier fiber, the first lossy 
member being lossy in at least one direction; and 

a pump shunt coupled to juie signal input port and the signal output 

port. 




48. A broadband communication system, comprising: 
a transmitter; 

an optical fiber coupled to the transmitter, the optical fiber 
including a first length of amplifier fiber and a second length of amplifier 
fiber, the optical fiber configured to be coupled to a signal source and a 
pump source; 

a signal input por^ coupled to the optical fiber; 
a signal output port coupled to the optical fiber; 
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a pump input port coupled to the optical fibei 
a first lossy member coupled to the optical fiber and positioned 

between the first and second lengths of amplifier ^er, the first lossy 

member being lossy in at least one direction; 

a pump shunt coupled to the signal input/|)ort and the signal output 

port; 

a broadband pre-amplifier coupled to rfie optical fiber; and 
a receiver coupled to the broadband pre-amplifier. 

49. The system of claim 48, wherein the broadband pre 
amplifier comprises: 

an optical fiber including a first l^hgth of amplffier fiber and a 
second length of amplifier fiber, the opticalj^ber copfigured to be coupled 
to a signal source and a pump source; 

a signal input port coupled to tfte dpfic'al fiber; 

a signal output port coupled to /me omical fiber; 

a pump input port coupled tcpie optical fiber; 

a first lossy member coupled to the optical fiber and positioned 
between the first and second lengths of amplifier fiber, the first lossy 
member being lossy in at least one direction; 

a pump shunt coupled to^the signal input port and the signal output 
port; / 

a splitter coupled to the signal output port; and 

a plurality of receivers coupled to the splitter. 

50. A broadband/ [:ommunication system, comprising: 
a transmitter; 

a broadband booster amplifier coupled to the transmitter; 
an optical fiber ^oupled to the booster broadband amplifier, the 
optical fiber including a first length of amplifier fiber and a second length 
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of amplifier fiber, the optical fiber configured to bef coupled to a signal 
source and a pump source; 

a signal input port coupled to the optical fi]6er; 

a signal output port coupled to the optical ffiber; 

a pump input port coupled to the optical fiber; 

a first lossy member coupled to the optical fiber and positioned 
between the first and second lengths of amplifier fiber, the first lossy 
member being lossy in at least one direction; 

a pump shunt coupled to the signal ii^ut port and the signal output 

port; 

a broadband pre-amplifier coupled to th^^tical^fiber; and 

a receiver coupled to the broadban^/pi^^pTifi^ 

51. The system of claim 50, wherein the broadband booster 
amplifier comprises: II / 

a plurality of transmitters tran^nitting a plurality of wavelengths; 

a combiner coupled to the plurality of transmitters; 

an optical fiber coupled to th/ combiner, the optical fiber including 
a first length of amplifier fiber and/a second length of amplifier fiber, the 
optical fiber configured to be coupled to a signal source and a pump 
source; / 

a signal input port coupled to the optical fiber; 

a signal output port coupled to the optical fiber; 

a pump input port coupled to the optical fiber; 

a first lossy memberycoupled to the optical fiber and positioned 
between the first and second lengths of amplifier fiber, the first lossy 
member being lossy in ayleast one direction; and 

a pimip shunt coppled to the signal input port and the signal output 

port. 
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52. The system of claim 51, wherein the j^i-oadband pre- 
amplifier comprises: 

an optical fiber including a first length of iimplifier fiber and a 
second length of amplifier fiber, the optical fib^ configured to be coupled 
to a signal source and a pump source; 

a signal input port coupled to the optical fiber; 

a signal output port coupled to the oji 

a pump input port coupled to the 

a first lossy member coupled to 



between the first and second lengths of^ 




fiber and positioned 
fiber, the first lossy 



member being lossy in at least one direction; 

a pump shunt coupled to the/signal input port and the signal output 

port; 

a splitter coupled to the signal output port; and 
a plurality of receivers coupled to the splitter 
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